INTRODUCTION
In eukaroytic cells, the cytoskeleton is comprised of intermediate filaments, mlcrotubules, and actin. Within this structural framework the intermediate filament proteins (IFP's) are thought to organize the cytoplasm (1,2), to provide attachment sites for cellular organelles (3) , to anchor the nucleus, and to aid in maintaining cell shape (for reviews see refs. [4] [5] [6] [7] . Based upon their subunit composition, lramunological similarity, and tissue distribution, the IFP's have been divided into several classes. The cytokeratins (40-70 kd) are expressed in epithelial cells, the neurofilaments (68 kd, 145 kd, 200 kd) in neurons, the gllal fibrillary acidic protein (53 kd) in cells of glial origin, desmin (53 kd) and synemin (230 kd) in certain skeletal, visceral, and smooth muscle cells, and vimentin (54 kd) In cells of mesenchymal origin and most cells grown in tissue culture (5, 6) .
For the most part, changes In the expression of a specific type of Intermediate filament protein parallel developmental transitions seen during tissue differentiation (7) . For example, in epithelial cells, 10-20 distinct cytoslceleton proteins have been Identified whose pattern of expression is altered during cellular differentiation (8, 9) . Moreover, it is possible for one cell type to synthesize more than one type of IFP (10, 11) . This is particularly well illustrated in muscle where the ratio of vlmentln to desraln varies during myogenesis (10, 12) as well as in different muscle types (6, 11, 13, 14) , suggesting a complex regulation for these class members.
We have previously reported that a single vimentin gene Is present In the chicken genome (15) . In vivo, transcription of this gene yields two distinct mRNA's (aproximately 2200 and 2500 nts) generated through the possible differential utilization of polyadenylylatlon sites. In this paper, we have examined: 1) the tissue distribution of these mRNA's; 2) the changes in vimentin mRNA levels during muscle development _ln vivo and i£ vitro; 3) the functionality of both mRNA transcripts and 4) the relative utilization oE the different polyadenylylation sites during myogenesis. Our results Indicate that It is possible to produce at least two functional mRNA transcripts from the single vimentin gene and that these transcripts are found in similar abundance In all tissues examined In this study. The potential role of these distinct size classes of vimentin mRNA's with regard to protein cellular localization or function is discussed.
MATERIALS AND METHODS

Vimentin Gene Purification and Analysis
The vimentin gene was isolated and characterized as previously described (15) .
RNA Isolation and Analysis
Chicken total RNA was extracted from 14-day embryonic breast muscle and 1-day post-hatch breast, heart or gizzard muscle by guanldlne hydrochlorlde solublllzation (16, 17, 18) . RNA extracted from adult muscle (breast and leg) was a generous gift from R. Billiter. RSV-RNA was Isolated from fibroblasts transformed with either the Prague-C or Schmidt-Ruppin strain (gift from M. Sobel) of Rous Sarcoma Virus (RSV). Infected primary cultures were passaged three times prior to harvesting. Nontransfonned RNA was extracted from mocktreated fibroblast cultures. Poly A + mRNA was isolated by selective binding to oligo-dT cellulose in the presence of 0.5 M Nad. Various RNA samples (10-20 yg) were size-fractionated on agarose gels (IX) containing the dena-turant methyl mercury hydroxide (24) . The integrity of all the RNA samples analyzed was based upon the mass ratio of the 28S and 18S RNA in the total RNA preparations, as judged by lasar scan densitometry. RNA was transferred to nitrocellulose by the Thomas (25) modification of the Northern technique (26) .
Nick-traaslated genoralc fragments or cDNA inserts were used as probes (27) .
Blots were hybridized at 42° (minus dextran sulfate) and washed as described (25) . Vimentln enriched mRNA fractions were Isolated from total RNA (20 ug) size separated on a methyl mercury hydroxide gel containing low-melting temperature agarose (18) . RNA was translated in a mlcrococcal-nuclease treated, rabbit reticulocyte cell-free protein synthesizing system (19).
Translation products of total RNA and phage selected mRNA were analyzed by SDS-polyacrylamlde gel electrophoresis (20) and lsoelectrlc focusing (21, 22) .
Protein products were visualized by autoradlography with Kodak. X-OMAT AR film (23) .
SI Mapping
Both total RNA (10 ug) and poly A + m RNA (2 pg) were analyzed by SI digestion (28) . A 32p_ pro t,e was constructed by kinaslng the lkb Bgl II fragment followed by digestion with Pvu II and the isolation of the 575 nt fragment encompassing the 3'-end of the vimentin gene (see Fig. 2 ). Since the DNA sequence from the 3'-nontranslated region of the vimentln gene Is A-T rich (15) , RNA was heteroduplexed to the heat denatured DNA probe at 42°o vernight In the presence of 80Z formamide, 0.4 M NaCl, 40 raM Pipes (pH 7.0), 10 mM EDTA. SI digestion conditions were at room temperature for 1 hr with 500-1000 units of SI. Each sample was subjected to phenol/chloroform extraction followed by ethanol precipitation prior to loading on a 5Z polyacrylamlde, 7 M urea sequencing gel (0.4 mm thick) (29) .
The nucleotide sequence of the 3'-end of the vimentln gene (15) was determined by the method of Maxara and Gilbert (29) . By a comparison of the sequence of the SI probe to the length of the SI RNA-protected fragment, the site of poly A addition was determined.
RESULTS
Identification of the Vimentin gene
During myogenesls, the synthesis of an abundant class of mRNA'a is induced (16) in response to the developing myotube's demand for specific cellular products. cDNA synthesized to myotube mRNA represents an enriched probe for these differentiation specific mRNAs. It can be used to screen directly a chicken genomic library for genes expressed during muscle dlf- A more extensive Northern analysis of various muscle RNA'a is shown in Figure 4 . Both poly A + and total RNA contained the same relative proportion of the two vlmentin mRNA species. Likewise, in RNA isolated from the breast muscle of a single inbred chicken, both mRNA species were visible (Fig. 4) .
Thus polymorphism does not account for the different vlmentin transcripts seen in outbred chickens. In 1-day hatched chicks there was a reproducible tissue specific difference in the amount of vimentln mRNA present in muscle or heart compared to gizzard (Fig. 4) . In comparing myoblast to myotube RNA, there was a consistent Increase in the amount of vimentln mRNA exhibited in myogenic cultures (roughly 3 fold). Surprisingly, in RNA isolated from RSV-transformed fibroblasts there also was a consistent increase (2.5-3 fold)
in vlmentin mRNA compared to RNA isolated from mock-treated flbroblast cultures. This result has been confirmed in two independent infections of primary muscle cultures with either the Prague C or Schmidt-Ruppin strains of RSV.
14-aay Embryonic 1-Day Muscle
Hatched Cultured • Fibre-blast Figure 4 . Northern Analysis of RNA Isolated from Various Tissues During Development. RNA isolated from 14-day embryonic muscle; 1-day hatched breast, heart and gizzard muscle; cultured myoblasts (nonfused) or myotubes (851 fused); and mock-treated or RSV-transfonned fibroblasts were size fractionated on methyl mercuric hydroxide gels as described in the legend to of phosphorylated vlmentin (I0Z) as has been noted In the literature (11, 32) .
We conclude from these experiments that both vimentln mRNA species are functional and produce a 54 kd vimentla polypeptide.
SI Happing
Recently, we published the nucleotide sequence of the 3'-end of the vlraentin gene and of the corresponding cDNA clones (15) . From this analysis, it was apparent that two sets of tandem polyadenylylatlon sites approximately 230 nucleotldes apart, containing the canonical sequence AATAAA (34, 35) , were present within the 3'-nontranslated region of the vimentln gene (for sequence see Fig. 7 ). Three cDNA clones (Fig. 2) E8 , A5 and G8, ended after three of the four possible adenylylatlon signals. However, only clone G8 had retained a portion of the 3' poly A track during construction of the cDNA library. In order to map the functional end-points of in vivo vimentln transcripts, we conducted SI mapping studies on both embryonic poly A + and total RNA (Fig.   6A ). For these experiments a Bgl II-Pvu II fragment of 550 base pairs was used labeled at the Bgl II site (see Fig. 2 ). This probe extends 150 nta past the last adenylylatlon site within the viraentin gene. As can be seen in Figure 6A , three DNA fragments labeled A, B, and C are protected by vimentin mRNA. These fragments correspond to mRNAs terminated within 20 base pairs of polyadenylylatlon sites 2, 3, and 4, respectively, as shown in Figure 7 .
Since no transcript terminating just after adenylylatlon site 1 was seen (Fig. 6B) we assume the site is not used, or alternatively, the hybrid is not A. Tbtal RHA was heteroduplexed to 32p_labeled Bgl 11-Pvu II fragment encompassing the 3'-end of the vimentin gene (see Fig. 2 for position of the SI probe). Single-stranded DNA was removed by digesting with SI (1000 U) for 1 hr at room temperature. The size of RNA-protected DNA fragments was determined on an 8 M urea-6Z polyacrylamlde sequencing gel (21) . In lane b monkey RNA (7 ug) was used as a control. Lane c and a contained embryonic total RNA (7 yg) plus or ninus the addition of SI. Embryonic poly A + mRNA (3 pg) was used In lane d. A 32 P-labeled Hpa II digest of pBR322 was used as molecular weight markers (lane P). Arrows A, B, and C mark the sire of RNA-protected DNA fragments.
B. Various RNA samples (total RNA, 7.5 yg; poly A+ mRNA, 2.5 yg) were analyzed by SI digestion with two overlapping DNA probes. Probe 1 (lanes e-q) was described in Fig. 6A . Probe 2 (lane r-u) was the entire Bgl II fragment prior to secondary cutting with Pvu II to generate probe 1. The lanes marked X and P are molecular weight markers generated by a Hind III digestion of X and a Hpa II digestion of pBR322, respectively. SI digestion products were sized on a sequencing gel as described in A. Total RNA was utilized in all SI experiments unless noted otherwise. RNA samples analyzed are as follows: 14-d embryonic breast muscle, lanes e, r and t; 14-day embryonic poly A In all the RNA's tested using either probe, the relative utilization of the three adenylylation sites 2, 3, and 4, was approximately equivalent.
By comparing the sequence of the DNA probe and the length of the SI protected fragments on the same sequencing gel, it was possible to determine the approximate site of poly A addition for transcripts A (site 2) and B (site 3).
These sites are underlined in On Northern blot analysis, we detected a reproducible increase in the amount of vimentin mRNA produced in RSV-transforraed fibroblasts compared to mock-treated cultures (Fig. 4) . This result was obtained with two different strains of RSV and was confirmed In SI mapping studies (Fig. 6) . On the other hand, the level of actin mRNA is reportedly unaffected by RSV transformation, as judged by Northern blot (personal communication, A. Schmidt and B. de Crombrugge) . In this context, RSV-transfonnatlon of chick embryo fibroblasta is thought to decrease the expression of tropotnysin (38) , fibronectln (39) and collagen (40) genes, yet activates the transcription of embryonic globin genes (41) . Interestingly, viraentin is one of the few minor proteins specifically phosphorylated by the pp60src-kinase in vivo (42) . found to end after site 1. Although a previously characterized cDNA plasmid (E8) did end between site 1 and 2 (15) , this plasmid contained no poly A tract. It Is likely this 3' end was artificially generated during the construction of blunt-ended, double-stranded cDNA which was subsequently cloned into pBR322.
We have searched for a tissue specific utilization of the various adenylatlon sites. In RNA extracted from different muscles (breast, leg, heart or gizzard), or at various stages during development (14-day embryonic to 3 month breast muscle), we have found no preference for a specific polyadenylylation site. Despite the varying levels of synthesis of vimentin mRNA reported above, the relative proportions of transcripts terminating after sites 2, 3, and 4 were relatively constant. No transcript was ever detected from site 1.
A comparison of the nucleotide sequence surrounding site 1 shows no remarkable difference to that of the other sites, therefore, it is not apparent why site 1 is nonfunctional.
We have determined the site of poly A addition for site 2 to be near a GA and/or GT dinucleotlde, and for site 3, a GC dlnucleotide (Fig. 7) . On a Northern blot the amount of vimentin mRNA terminated at site 2 roughly equals that of the larger mRNA species terminated at sites 3 and 4. The SI analysis suggests site 3 Is the preferred adenylation signal for the longer transcripts since the intensity of hand B Is 3-4 times that of A and C. By comparison to other sequences reported In the literature, there seems to be considerable flexibility In the site of poly A addition (43) (44) (45) (46) . To date no canonical sequence other than the Initial AATAAA recognition site has been confirmed to direct mRNA adenylylatlon.
Recently, other single copy genes, namely calmodulin (43) Recently, a cDNA plasmid for hamster vimentin has been Isolated and sequenced (47) . In agreement with our results, this plasald hybridizes to several mRNA bands by Northern analysis. When the same probe is hybridized against hamster DNA (Southern blots) few hybridization bands are detected.
Although no data is presented on the copy number of the hamster vimentin gene, it is tempting to speculate that mRNA complexity observed may reflect multiple adenylylation sites at the 3'-end of the hamster vimentin gene(s).
We have isolated the human vimentin gene and intend to characterize the nature of the transcript(s) produced. This should allow us to determine whether or not multiple mRNA's are the general property of vimentin genes or if our results reflect a particular case.
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